This paper analyses the value of FTTN and FTTP along financial and non-financial dimensions. It reports on an open, public, dynamic ?value model? of FTTN and FTTP, and showcases two visual tools to enable assessment of their multiple, competing, emerging and slippery ?value dimensions?. The paper reports and compares empirically-derived FTTN and FTTP value dimensions from recent Ministerial Speeches at CommsDay Summit 2016 and Government expert reports with the value model.
Introduction
This paper examines, analyses and values Fibre to the Node (FTTN) and Fibre to the Premises (FTTP) in the context of the Australian National Broadband Network (NBN). A comparison of the two needs to take into account multiple ?dimensions of value?. For instance, while FTTN is cheaper to install, offers ?good enough? speed in the short term, and is faster to roll out, FTTP is seen, by some, to be better value, due to its length of useful life, lower maintenance costs, and faster maximum speeds.
This analysis of FTTN and FTTP uses value theory (see Appendix 2) , which sees innovations, like the NBN, as complex, dynamic systems. That is, the value of the NBN is multi-dimensional, shifting with new information that appears often, and in quantity. Value theory suggests that analysis needs to use dynamic and flexible approaches, rather than the static and partitioned (public/private) approaches, for instance, of Vertigan (2014 [5] ), the Liberal?s NBN cost-benefit analysis, or the ALP?s McKinsey NBN Implementation Study (2010) . This paper reports the results of the public dynamic model of the value of FTTN and FTTP ( Ferrers 2016a ( Ferrers [6], 2016b ) and encourages the reader to play with the model?s assumptions and come to their own conclusions. This model is a dynamic approach to understanding value, but it has some weaknesses. Two alternative models are presented which address some of these weaknesses. The first model allows multiple FTTN and FTTP value dimensions to be visualised. The second model takes into account the relative importance of multiple value dimensions, for example: time, price, need for speed, reliability, equity (see Appendix 3) . All of these models are available for public use.
Through examining these models, this paper seeks to:
(1) add information to potentially shift the NBN value assessment for two key audiences, (2) add to the long list of FTTN and FTTP pros and cons (see Appendix 4) , and (3) add the cost to replace FTTN with FTTP into the debate (Appendix 7).
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Australian National Data Service [3] 4 [4]  The first audience that this analysis is aimed at is the NBN politicians. These include the Prime Minister, the Leader of the Opposition, the Communications Minister, the Shadow Communications Minister and relevant Innovation Ministers. The second audience is voters, who may have the NBN on their minds when they go to vote. So, the analysis attempts to be reasonably comprehensive for the first group but simple enough for the second group.
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The Problem of valuing FTTN and FTTP
Two views have developed about which is the best way to roll out the Australian NBN. The current plan is to roll out FTTN to 3.7M (million) homes over the next two years (by 30.06.2018) at an installation cost of $6.3B (billion) (Table 1, Appendix 6). However the alternative view is that this $6.3B is a waste of money, since FTTN is a ?technically inferior? (LeMay [8] 2015 [8] a) system to the preferred FTTP system. In this view, FTTN will have to be upgraded soon to FTTP, since FTTN is close to the end of its useful life, and very little of the $6.3B will be of use in an upgraded FTTP system. By the government?s own analysis, only 20% of the $6.3B would be re-useable in an upgrade to FTTP (Vertigan 2014 [5] ), and some analysts believe, far less. So, this is close to a $6.3B problem for FTTP proponents. For FTTN supporters, if the 3.7B homes were rolled out with FTTP at a cost of $16B, this is a waste of $10B, when FTTN installation costs are substantially less (Table 1) .
But, different types of analysis can give different results (Table 1, 2) . A more comprehensive analysis of the best approach to implementing the NBN would include consideration of Hybrid Fibre/Coaxial (HFC) and Fibre To The Curb (FTTC), (which is briefly analysed in Appendix 1), but these are excluded from the main analysis for simplicity. Similarly FTTP, in this analysis, means brownfield existing homes, rather than greenfield new estates, which are for the first time installing phone and internet. Table 1 shows, is that while FTTN is significantly cheaper to install, it generates far less profit for NBN Co., and takes a lot longer to pay back the initial investment. FTTP pays back the extra installation cost investment ($10B) in around 6.5 years, with NBN Co profits projected to be $1,500M per annum. But, for every year that FTTN remains in operation, over $1B is sacrificed through foregone revenue and lower operating costs. These figures suggest, even if FTTN is installed, that a quick upgrade to FTTP is financially attractive. The operating costs and revenue numbers come from leaked NBN Co. documents (LeMay 2015a [8] ). NBN Co. were asked to comment on these figures and they said: ?the figures used as the basis for this analysis are from draft documents in early 2015 ? not endorsed by our executive? (Johnston 2016 [9] ).
While these figures are unconfirmed, they do add an interesting alternative slant to the focus only on installation costs. To the extent the operating costs and revenue numbers are correct, they shift the value of FTTP and FTTN, towards favouring FTTP. Table 2 shows is that taking installation costs, operating costs and revenue into account, the GDP return for FTTN (56% pa) is significantly greater than for FTTP (34% pa). Both returns are extraordinarily high, and generated every year during the life of the asset, assuming revenue levels are maintained over time. The FTTN asset life is however much shorter than the FTTP life. The GDP benefit per year is the sum of NBN revenue, operating costs and NBN Co profit. While the profits for NBN Co. are greater for FTTP, the return on investment for FTTN is much greater, given its lower installation costs. Indeed, each year FTTN (once completed) generates close to 30% of its installation costs as revenue, whereas FTTP only generates a little under 20% given its substantially larger installation costs, though FTTP generates 50% more revenue per year.
These returns on investment again shift the value of FTTP and FTTN more towards favouring FTTN, at least in the short term. Thus either FTTP (using gross return or time to pay back investment) or FTTN (using return on investment) can be preferred depending on the type of analysis. The Ferrers (2016a [6] ) model uses this GDP calculation to analyse and value FTTN and FTTP (plus depreciation).
In the next section, I will discuss the background to the NBN, including the magic of optic fibre. Then, I will analyse the value dimensions of the NBN by looking at two speeches from the CommsDay Summit 2016 by Minister Fifield and Shadow Minister Clare, and contrast the value dimensions mentioned there with external reports from Vertigan (2014 [5] ) and McKinsey (2010 [10] ), supporting the alternative positions.
Then, I will introduce my proposed solution to the value problem, a dynamic value model of FTTN and FTTP, and compare its value dimensions against those discovered in the speeches and reports. Lastly, two data visualisations will show the multi-dimensional and changing nature of the value of FTTN and FTTP.
The Background
Optic fibre is the magical technology which combines lasers and glass fibre tubes to transmit digital data over long distances. Optic fibre is special because not only can the signal reach for many kilometres without power, and with amplifiers cross the oceans, bringing data around the world at the speed of light, but also by changing the laser boxes at each end, data capacity can be doubled for around 5% of the cost of installing the cable. Over the last forty years, this change in laser boxes has brought a million-fold increase in bandwidth that has enabled the bandwidth explosion and the falling price of data globally.
The NBN in Australia seeks to bring the fibre optic cable closer to homes, and thus improve data speeds which are currently limited by bringing fibre only to the telephone exchange, and using copper phone lines for the connection into homes. See further NBN history at Whirlpool (2016 [11] ).
Fibre To The Node FTTN uses optic fibre from the telephone exchange to a distribution box called a node, up to a few hundred metres from homes and then uses copper phone lines to reach into houses. This approach allows for download speeds approaching 100Mbps, but the speeds vary with the distance from the distribution box. Some benefits of this approach are: less construction on the last few hundred metres for millions of households, so the rollout proceeds more quickly (less digging up gardens), and at considerably less cost ? in the order of $2,000 per household (Table 1) .
A more exhaustive list of pros (10) and cons (8) of FTTN is provided in Appendix 4.
Fibre To The Premises
FTTP runs fibre all the way from the telephone exchange to the side of each house, but the fibre cable must be hauled down every street, either on power poles or through ducts, and across or under lawns to reach homes. Some benefits of this approach are that download speeds of 1,000 Mbps are available immediately (if rarely in practice), with virtually unlimited bandwidth in the future, as the laser boxes are switched inside the exchanges. (In the lab, tests have shown fibre optic cables are capable of moving over 10,000 times more data than current available products, but laser boxes capable of these speeds are many years away from being affordable.) However, the cable has a long lifetime, and low maintenance, so is likely to remain useable for decades, with future upgrades to laser boxes providing significant regular improvements to fibre capacity. As capacity improves, it is likely to result in significant drops in price per unit of data transported.
A more exhaustive list of FTTP pros (11) and cons (7) (Wikipedia 2016a [12] ). For more speed, a bundle of up to 12 fibres adds 12 times the data capacity (Wikipedia 2016a [12] ). In contrast, FTTN has seen a thousand-fold improvement in FTTN, from 6Mbps in 1993 (Gilder 1993 [13] ) to 8,000Mbps (Palmer 2016 [14] ) in the lab in 2016. ??wasting money on the greatest white elephant this country has ever seen, the National Broadband Network? Prime Minister Abbott (Abbott 2012 [21] ).
??no evidence consumers are willing to pay higher charges for 100 megabits per second? (Liberal Party 2012 [18] , 5).
In Tables 3 and 4 , the battle lines are drawn between two versions of the NBN. On the one hand, FTTN is rolled out years faster, giving ?all Australians ? access to very fast broadband as soon as possible, at affordable prices? at least cost to taxpayers? at least 50Mbps?[with an] upgrade path? (Turnbull and Cormann 2014 [19] , Table 4 ). On the other hand, the all-fibre FTTP has long-term cost advantages, from the rapid improvement in data carrying capacity, as shown by the million-fold improvement in the last forty years, though it is slower to install at a national level. The decision is between cheaper/affordable now (FTTN Table 1 ), cheaper later (FTTP Table 1 I summarise below the value dimensions found, and compare them to a dynamic financial value model to assess the value of FTTN and FTTP. Then, I compare the dynamic model to the empirically derived value dimensions, to test its adequacy, and then make some suggestions to improve the model for unaccounted value dimensions.
Summary of Value Dimensions ? Empirically derived
The analysis of Ministers? speeches (Appendix 9) shows a strong divergence in what Ministers Fifield and Clare value from FTTN and FTTP. Minister Fifield pushes the FTTN agenda of a faster, lower-cost rollout with good enough speeds, and the flexibility of the multitechnology approach. Clare prefers to mainly criticise the FTTN approach (rising costs, delays, congestion), but suggests FTTC is an improvement without committing to this approach. Both Ministers argue their approaches are in line with international comparisons, FTTN to improve international rankings and FTTP to follow the AT&T?s lead. Many other FTTN and FTTP value dimensions are not mentioned by either Minister (see Appendix 9).
The analysis of expert reports (Appendix 10) shows a divergence in value dimensions between FTTN and FTTP. McKinsey emphasises affordability and maximising usage, including social benefits, whereas Vertigan emphasises willingness to pay, and places far less emphasis on business or public benefits. Table 5 below combines the results of the analysis of Ministers' Speeches (Appendix 9) and expert reports (Appendix 10). However, the dynamic model is not capable of accounting for all the value dimensions noted in Table 5 above. For instance, delays in rolling out FTTN, congestion on FTTN, flexibility of technology and new technology in the form of FTTC could not be captured.
This model uses a net present value (NPV) calculation (Appendix 5). NPV uses interest rates (the discount rate) to convert future cash flows to a present day equivalent. If the result of the calculation is a positive number, this indicates that a profit will be made, taking into account the revenue and expenses that are incurred at a future time. The GDP calculation simulates the NBN impact on a single household, compressing 20 years of installation costs, revenue, and operating costs to a single profit-like figure. You can see the derivation and development of the model at Ferrers (2015 [24] ). The analysis assumes FTTN remains in place over the coming 20 years.
The model calculates NPV under a number of different scenarios. Under each of these scenarios, sometimes FTTN has a higher result and sometimes FTTP has a higher result. The model tests three variables:
1. delays in FTTP rollout from zero to eight years, shown in two year increments 2. discount rates, ranging from 0% to 10% 3. impact on $70,000 household income of early use of FTTN, ranging from 0% to 2%.
So, there are sixty different combinations of assumptions modelled in Tables 6a to 6c below. What the analysis shows is that under certain assumptions, FTTN is preferred (Table 6 in white), while under others, FTTP is preferred (Table 6 in grey). Replacement of FTTN cost (but not rollout time) is also modelled (Appendix 7) and where this extra expense changes the result from a pro-FTTN to a pro-FTTP result, the cells are highlighted (Table 6 in pink). Years delay FTTP0 yr 2 yr 4 yr 6 yr 8 yr $?000$?000$?000$?000$?000 10% discount rate 7 3.5 1 1.5 3 5% discount rate 9 6 3 0 2 3% discount rate 10 7 4 1 2 0% discount rate 12 9 6 3 0 What is apparent from Tables 6a to 6c and Figure 1 is that:
at 2% p.a. impact on household GDP, FTTN is preferred (shown in white), even with short delays, except at low discount rates. at 1% p.a. impact on household GDP, FTTN is preferred (shown in white), , so long as delay to install FTTP is four years or more. at 0% impact on household GDP, FTTP is preferred (shown in grey), at up to six years delay at low discount rates, and at four years delay at any discount rate. the boundary is only slightly changed when you take into account replacement of FTTN with FTTP (shown in pink).
In Appendix 5, the NPV for FTTP and FTTN, individually, are both shown. Since these figures in Appendix 5 are all positive, it shows that FTTP and FTTN projects are worth pursuing in their own right, regardless of comparison.
The reliability of these assessments is based on the validity of the financial costs, operating costs and revenue still making sense over the next 20 years. There is large uncertainty over whether FTTN revenue could be sustained over 20 years without significant loss of customer satisfaction, as FTTP speeds would likely have increased significantly beyond what FTTN is capable of.
Visualising FTTN and FTTP impact on a household over 20 years Tables 6a to 6c , some which show a higher result for FTTN (in blue) and others which show a higher result for FTTP (in orange).
[25] The value model, as demonstrated, is openly available (Ferrers 2016b [6] ) for improvement or enhancement. One improvement might account for new applications possible on FTTP, and potential declining user satisfaction on slower FTTN services. In the next section, I seek to extend the value model with a tool that allows adding value dimensions, and to include different weights to the importance of those dimensions.
Extending a value model of FTTN and FTTP
This section proposes an enhancement to the above value model, taking into account a number of non-financial dimensions. Weightings are also given to dimensions to suggest their relative importance. Readers are invited to submit their further dimensions and weighting through an online survey. Such a survey could show how value dimensions for the FTTN and FTTP vary over time, and around Australia. I also provide a couple of visualisations that express the multi-dimensional models: through
(1) a radar chart which shows many dimensions; and (2) an Aster chart, which also allows the weighting of dimensions. Overall, even though FTTP has higher benefits logically to me, I value the quicker FTTN rollout to avoid the unknown unknowns, over the FTTP benefit of lower longer term costs.
However, I am concerned that if the FTTN is left in place for a long time, its value will quickly diminish. So, I prefer FTTN, but subject to a commitment to switch to FTTP in a timely manner.
However, my value assessment is subject to change with new information. Ideally, I prefer the disagreeing parties to agree on a joint plan to reduce risk, for instance implementing FTTC, or a commitment to retire FTTN progressively after 10 years.
As can be seen from Table 7 , FTTN and FTTP can be compared along multiple value dimensions. Many FTTN and FTTP value dimensions are non-financial dimensions. I use the example above of the author?s value assessment, not to provide a correct answer, but to showcase two helpful tools to visualise the multiple dimensions of FTTN and FTTP. My value assessment is visually displayed in Figure 2 and Figure  3 below, where the differences between FTTN and FTTP become visible.
[28]
Figure 2 ? Comparing FTTN and FTTP on multiple value dimensions (Radar Chart)
Note: Closer to edge indicates increased value. FTTN shown as Yellow, FTTP as Red. Table 7 can be conveniently displayed as a Radar Plot (Ferrers 2016d [29] ). The plot shows on some dimensions FTTN is preferred (closer to edge) and on other dimensions FTTP is preferred. Assuming dimensions are weighted evenly, if FTTN or FTTP has a greater area on the chart, this means that it has a higher value. According to value theory, dimensions can be traded off, one against the other, but there is no rational basis for this, so it is done on an intuitive or emotional basis. This is an ?apples and oranges? problem. Apples and oranges are measured on different scales, as are nearly all the dimensions on the radar plot (excepting revenue and CAPEX). Overall, you can see the pattern of contrasting value dimensions of FTTN and FTTP. A weakness of the Radar plot is that each dimension is given the same weighting. This, we fix in the second tool, shown in Figure 3 .
An alternative to the Radar plot is the Aster plot (Ferrers et al. 2016 [6] ), which enables a weighting for the value dimensions. In Figure 3 , I use the weightings of Table 7 , to display and contrast the value of FTTN (left side) and FTTP (right side). In the Aster chart, closer to the edge and a larger slice of pie, indicates higher value. The range of 12 value dimensions is indicated with different colours. Extra dimensions can easily be added, as well as weightings adjusted. It is easy to see how FTTN wins (larger piece of pie) on some dimensions, such as capital expenditure and time to rollout, while FTTP wins on other dimensions, such as life of asset and reliability. An overall value rating, shown in the centre of the Aster plot indicating overall value favours FTTP, but not by much.
A reader can download this chart from Ferrers (2016e [30] ) and add their own dimensions and weightings, to come to their own FTTN and FTTP value assessment. You can share your FTTN and FTTP value dimensions, and your weightings (including postcode) at Ferrers (2016f [31] ).
[32]
[33] 
Conclusion
In this paper, I have analysed FTTN and FTTP using a value approach. A value approach assumes value shifts with new information, where many dimensions compete for importance, new dimensions may arise and weightings shift, giving rise to new attitudes. For instance, new techniques, such as NG-PON2 may massively increase FTTP data throughput and hence reduce cost per unit of data. This paper seeks to add a new value perspective to potentially shift the FTTN and FTTP value assessment for Ministers and voters. 
Appendix 2: What is a value theory of innovation?
A value theory of innovation was developed looking at consumers buying smartphones. Consumers expressed value in 80 different ways about their smartphones, and these value elements were expressed as 12 value dimensions. This analysis of the FTTN and FTTP tests these same 12 value dimensions in a new technology domain to provide confidence in the validity of these value dimensions. Other value dimensions may appear in different technologies.
Value in theory
Value is subjective (though in other theories objective); personal, so depends on perspective. See an examination of the consumer value literature in Ferrers (2013 [76] ) Section 7.6 and innovation value literature in Section 7.1. Value is dynamic; moves with new information. Value is complex; multi-dimensional (see Table 7 ). Value is financial, social, emotional, personal.
Value is a trade-off between competing dimensions: time, cost, quality, future-proofing, function (speed), reliability. See Ferrers (2013 [76] ), Appendix 5. Value is measurable, though it is unclear what units can compare competing dimensions. Emotion as a possible common currency of value.
Value is simple. Regardless of underlying complexity, value is compressed into a vector showing strength and direction: strongly/weakly, negative/positive, and expressed as an attitude. Value is not comparable rationally across value dimensions, but can be compared and summarised emotionally as an overall attitude. See an example in Table 7 . One cannot rationally compare beauty and power, time and cost, simplicity and emotion, novelty and community, or any of the other 60 combinations across 12 value dimensions.
Source: Ferrers (2013 [76] ). Can be congested since shared medium.
Appendix 3: FTTN and FTTP value dimensions ? non-financial
Congestion only due to CVC provisioning. Distance does not impact service quality.
Reliability, Service
Moderate reliability Very easy to install.
Potential for unreliability through water damage or age. (Liberal Party 2012 [18], 6) ?ensuring all Australians have access to very fast broadband as soon as possible, at affordable prices, and at least cost to taxpayers? at least 50mbps to 90% of fixed line premises? upgrade paths as required? NBN Co Government expectations (Turnbull & Cormann 2014 [19], 1-2) ?Do it once, do it right, do it with fibre? Tony Windsor 2010 (Taylor 2014 [16] Appendix 5: GDP NPV totals, shown net in Table 6a , b, c. Yr 20FTTN FTTP FTTNFTTPFTTNFTTPFTTNFTTPFTTNFTTP $'000 $'000 $'000 $'000$'000 $'000$'000 $'000$'000 $'000 0% 9 16 9 13 9 10 9 8 9 6 1% 9 16 12 13 14 10 15 8 17 6 2% 9 16 14 13 18 10 21 8 24 6
Source: Ferrers, R. (2016g [81] ).
Appendix 6: NBN by the figures The original analysis (Ferrers 2015 [24] ) uses $4,400 as CAPEX for FTTP (and NBN 2016 [15] , p.67). Vertigan (2014 [5] ) suggests 20% of FTTN investment could be reused for FTTP. A substantial portion (say 60%) of FTTP is a labour cost which could rise with inflation at 2, 3, or 5% pa. What would $4,400 spent in 10 or 20 years, adding in labour inflation, discounted (Wikipedia 2016b [82] 
Notes:
France. (indicated in Purple) 5. Australian has highest government investment in world, except for US, South Korea, with in excess of 2-10 times Australia?s population. 
